Purpose Type 2 diabetes is a common comorbidity among breast cancer survivors. Our aim was to assess the association between diabetes and quality of life (QOL) in newly diagnosed early stage (0-IIA) breast cancer patients over a 2-year follow-up. Methods We used data from a longitudinal study of 549 breast cancer patients, aged ≥40 years. During four telephone interviews administered 4-6 weeks and 6, 12, and 24 months after definitive surgical treatment, we measured QOL using the Functional Assessment of Cancer Therapy-Breast (FACT-B) scale; higher scores indicate better QOL. Repeated measures analysis of variance was used to test the change over time in total FACT-B and each of the five subscales (physical, social, emotional and functional well-being, and breast cancer concerns), comparing patients with and without diabetes at baseline. Results After adjusting for covariates (age, race, body mass index, education, marital status, cancer staging, and surgical side effects), patients with (vs. without) diabetes reported lower QOL over time on the total FACT-B (least-squares mean [standard error] 106.2 [2.1] vs. 112.0 [1.1]; p = 0.0038) and on physical, social, emotional, and functional well-being subscales (each p < 0.05). Over the 2-year follow-up, QOL improved significantly for the emotional well-being (p < 0.0001) and breast cancer concern subscales (p = 0.0282) among patients without diabetes, but not among patients with diabetes. Conclusion Early stage breast cancer patients with diabetes may need additional care considerations to improve QOL.
Introduction
Breast cancer is the most common female cancer in the USA [1] . In addition, up to 16-20 % of women have diabetes at the time of breast cancer diagnosis [2, 3] , which may adversely affect breast cancer outcomes [2, 4, 5] . The impact of diabetes on breast cancer-related outcomes may be either through the metabolic effect of hyperinsulinemia and insulin resistance on cancer progression, or through the effect of diabetes burden on general health and subsequent cancer management [4] . However, despite the multi-dimensional impact of diabetes on breast cancer outcomes, including survival and qualityof-life (QOL) outcomes, less attention has been given to the potential impact of diabetes on QOL over the first few years after diagnosis.
Recent advances in breast cancer diagnosis and treatment have significantly improved long-term survival in patients with breast cancer, and thus, QOL has emerged as an important breast cancer outcome. About 60 % of breast cancer cases are currently diagnosed at an early stage, where the cancer is localized (limited to breast tissue) and has a 5-year relative survival rate of 98.6 % [6] . Shortly after diagnosis and treatment, patients with early stage breast cancer tend to report lower QOL than women without a history of breast cancer [7] . Over time, however, QOL of breast cancer survivors improves [8] and reaches levels comparable to those of women without breast cancer [9, 10] .
People with diabetes generally face daily diabetes management challenges, which can negatively affect their QOL [11] . Factors such as female gender, number of diabetes complications, and number of comorbidities have been found to be negatively associated with QOL [12] . Cross-sectional data have shown that having both diabetes and any cancer is associated with worse QOL than having either diabetes or cancer alone [13] . However, it is unclear whether pre-existing diabetes would affect anticipated improvements in QOL over time in newly diagnosed, early stage breast cancer patients following surgery and early in the recovery process.
With increasing prevalence of breast cancer survivors with diabetes, understanding the impact of diabetes on change in QOL among newly diagnosed breast cancer patients could have clinical implications for improving breast cancer care and QOL over time. This issue is especially important among early stage breast cancer patients, who generally have a good prognosis and are living longer as a result of improvements in early detection and treatment [14, 15] . We hypothesized that diabetes would be associated with poorer QOL outcomes in newly diagnosed early stage breast cancer patients over a 2-year period.
Methods Participants
This study involved a secondary analysis of data collected during a longitudinal QOL study of women with and without early stage breast cancer [16] . Briefly, patients with newly diagnosed ductal carcinoma in situ (DCIS, stage 0) and early stage (stage I or IIA) breast cancer were prospectively identified and recruited between October 2003 and June 2007 from the Siteman Cancer Center at Barnes-Jewish Hospital and Washington University School of Medicine and from Saint Louis University School of Medicine. Inclusion criteria were age ≥40 years (as many early stage breast cancers are diagnosed during screening mammography [17] , which was recommended for this age group at the time [18] ), no prior history of breast cancer, completed definitive surgical treatment, no prior neoadjuvant chemotherapy, English speaking, and no cognitive impairment for women ≥65 years, based on the orientation-memory-concentration test [19] .
Following Institutional Review Board approval at both institutions, participants completed four computer-assisted telephone interviews, conducted by trained interviewers, at 4 to 6 weeks (time 1), 6 months (time 2), 1 year (time 3), and 2 years (time 4) following their definitive surgery.
Measures

Quality of Life Outcomes
We measured QOL with the Functional Assessment of Cancer Therapy-Breast (FACT-B) scale, a reliable and validated instrument that is sensitive to change [20] . The FACT-B questionnaire uses a five-point response scale ranging from 0 to 4; total scores range from 0 to 144, with higher scores indicating better QOL. The total FACT-B score includes scores for five subscales, including physical well-being (seven items), social well-being (seven items), emotional well-being (six items), functional well-being (seven items), and breast cancer concerns (nine items). A minimally important difference for the total FACT-B score is 7-8 points [21] .
Covariates
Pre-existing diabetes was determined at baseline (time 1) using the Katz interview [22] based on the Charlson comorbidity index [23] . Diabetes severity was categorized as complicated or uncomplicated, depending upon whether or not their diabetes caused kidney/eye problems. The Katz interview [22] also was used to measure the number and severity of other comorbid conditions: myocardial infarction, diabetes, congestive heart failure, peripheral vascular disease, cerebrovascular disease, hemiplegia, chronic pulmonary disease, ulcer disease, renal disease, rheumatologic disease, dementia, liver disease, and other cancers. We computed a weighted index of comorbidity based on the presence and severity of all of these other conditions affirmed by participants (excluding diabetes).
In addition, we used a reliable and validated 8-item, selfreport measure of the severity of surgical side effects in the past month, including limited arm mobility/frozen shoulder, tightness/tenderness in chest wall, tightness/tenderness/discomfort in the breast, arm weakness, lymphedema/swelling of the arm, swelling of the chest/breast/axilla, numbness/ tingling or pins and needles, and tightness/pulling/stretching in the arm/axilla [24] [25] [26] . Responses ranged from 1 (not at all) to 5 (very much), with higher mean scores indicating more severe surgical side effects.
Depressed mood at baseline was measured using the validated 20-item Center for Epidemiologic Studies Depression (CES-D) scale; scores were dichotomized for analysis (≥16 [elevated depressed mood] vs. < 16 [not depressed]) [27] . Clinical data obtained from the medical record included patient's receipt of adjuvant radiotherapy, chemotherapy, and hormone therapy at any time over the 2-year study, type of definitive surgery (breast-conserving or mastectomy), and pathological cancer stage (ductal carcinoma in situ [DCIS], stage I, or stage IIA). Demographic data included selfreported age, race, education, and marital status. Body mass index (BMI) was calculated from self-reported weight and height (kg/m 2 ).
Statistical Analyses
Statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). Two-tailed p values < 0.05 were considered significant. We compared characteristics of the sample at baseline between women with breast cancer without diabetes and those with breast cancer and diabetes, using chisquare tests and analysis of variance (ANOVA) as appropriate. The PROC MIXED procedure was used for the repeated measures analysis of variance (RM-ANOVA) to test change in QOL scores on the total FACT-B and each of the five subscales for the main effects of group (with vs. without diabetes) and time (time 1 to time 4) and their interaction. When the group by time interaction was significant, multiple pairwise comparisons were tested using Scheffé's post-hoc test. Models were controlled for covariates of QOL at time 1; we report least-squares means (LSM) and standard errors (SE) for the adjusted analyses. Moreover, in an exploratory analysis using one-way ANOVA, we compared QOL scores on the total FACT-B, separately at time 1 and time 4, between three groups of patients: without diabetes, with complicated diabetes, and with uncomplicated diabetes.
Results
A total of 772 breast cancer patients were eligible for study participation, of whom 549 (71 %) enrolled in the study. Among participants, 435 (79 %) were white and 114 (21 %) were non-white, including 104 African Americans and 10 of other racial/ethnic groups. Significant racial and age differences were observed between the 549 participants and 223 non-participants, where participants were more likely than non-participants to be white (79 vs. 64 %, p < 0.001) and younger (mean age 58 vs. 61 years, p = 0.01). Participants and non-participants did not, however, differ significantly by marital status (married vs. not married, p = 0.07), pathologic cancer stage (DCIS vs. stage I vs. stage IIA, p = 0.84), or type of surgery (breast-conserving surgery vs. mastectomy, p = 0.10). Study retention remained high during 2-year followup with 514 (94 %) breast cancer patients completing all four interviews.
At baseline (time 1), 62 patients (11 %) reported having diabetes (Table 1) ; there were no new cases of diabetes reported during the follow-up interviews. The most common diabetes treatment was use of oral agents (68 %). Among women with diabetes, 9 (15 %) reported that diabetes caused problems with their kidneys or eyes. Patients with diabetes were on average older, more likely to be non-white, and had higher BMI and comorbidity index scores than patients without diabetes, but comorbidity was low, on average in both groups. Patients with vs. without diabetes did not differ significantly in terms of the severity of surgical side effects at baseline. However, at time 4, patients with diabetes reported more severe surgical side effects than patients without diabetes, mean 
Quality of Life at Baseline
At time 1, patients with and without diabetes did not differ significantly on the total FACT-B scores (Table 1) . Of the five subscales, only the social well-being subscale score was lower for patients with diabetes (difference = 1.8, p = 0.0046). However, QOL did not differ significantly between the two groups for the emotional (p = 0.7638), physical (p = 0.0761), or functional (p = 0.1762) well-being subscales or for the breast cancer concerns (p = 0.218) subscale.
In exploratory analysis at time 1, patients with complicated diabetes reported lower total FACT-B scores than patients without diabetes (mean 
Quality of Life Over Time
We adjusted for age, race, BMI, education, marital status, cancer stage, and surgical side-effects severity at time 1, in the multivariable RM-ANOVA models. Although comorbidities were low in this sample, patients with diabetes had higher comorbidity scores (Table 1) ; thus, we did not control for other comorbid conditions in our statistical models, because they were potentially due to diabetes and could produce overadjustment bias [28] . After adjusting for covariates, the main effect of diabetes on the total FACT-B and the physical, social, emotional, and functional well-being subscales was significant; patients with (vs. without) diabetes reported significantly lower QOL for total FACT-B and each of these four subscales ( Table 2 , Fig. 1 ). Among the covariates in the multivariable model, older age (p = 0.0001), lower BMI (p = 0.0028), higher level of education (p = 0.0003), being married (p < 0.0001), earlier stage of disease (p = 0.0037), and less severe surgical side effects (p < 0.0001) were each associated with higher total FACT-B scores.
There also was a significant main effect of time for change in scores on physical (p = 0.0016), emotional (p = 0.0123), and functional (p < 0.0001) well-being subscales. The group by time interaction was significant only for emotional wellbeing (p = 0.0142) and breast cancer concerns 
Discussion
This study examined the impact of pre-existing diabetes on change in QOL among newly diagnosed early stage breast cancer patients. At baseline, 11 % of our sample reported having diabetes, which is comparable to the general population [29] , and no patients developed diabetes over the 2-year follow-up. Our findings showed that patients with pre-existing diabetes reported worse QOL on average over this time compared with patients without diabetes, and that QOL improved among patients without pre-existing diabetes, but remained unchanged among those with diabetes. In our exploratory analysis of differences between patients with diabetes complications and patients without diabetes, we observed a large, 13.6-point (at time 1) and 14.3-point (at time 4), difference in total FACT-B scores, which are larger than a minimally clinically important difference of 7-8 points [21] . Among only patients with diabetes, there was a 9.0-point and 8.6-point difference, at time 1 and time 4, respectively, between patients with and without diabetes complications, also considered to be clinically important, although the difference was not statistically significant (likely due to the small number of patients with complications). In addition, although the group-by-time interaction was not statistically significant (Table 2 ), the 8.2-point difference in LSM of total FACT-B scores at time 4 between patients with and without diabetes, also was large [21] . Thus, the lack of improvement in QOL among patients with diabetes might be largely explained by the impact of diabetes complications.
Another possible explanation for our finding might be that diabetes results in a less favorable recovery [3, 30] , which affects QOL. In our study, there were no significant differences between patients with and without diabetes at time 1 in terms of type of definitive surgical treatment, severity of surgical side effects, or receipt of adjuvant radiotherapy, chemotherapy, and/or hormone therapy. We previously found in this cohort that, although surgical side-effects severity declined over the first 6 months after definitive surgical treatment, regardless of type of surgery, patients who had mastectomy continued to endure more severe surgical side effects over the remaining 18 months of follow-up compared with patients who had breast-conserving surgery [26] . Compared with breast-conserving surgery, mastectomy generally is associated with greater morbidity and risk of surgical site infections [31] [32] [33] , which delays healing, and with more severe surgical side effects [26] . These findings are consistent with studies showing a higher rate of surgical site infection [34] and post-surgical arm difficulties [35] in breast cancer patients with diabetes than in those without diabetes. Moreover, greater surgical side-effects severity in this cohort was found to be correlated with greater body image and sexual functioning problems; all three of these variables negatively impact psychosocial aspects of QOL, like depressed mood and anxiety [26, 27] . To our knowledge, the impact of diabetes on longterm breast cancer-related surgical side-effects severity and QOL outcomes has not been reported. It is not surprising that having diabetes was associated with a lower QOL, as diabetes can be associated with other health conditions that can potentially have a negative impact on QOL [11] . In addition, it is reasonable to believe that the general domains of the FACT-B questionnaire (i.e., the four non-breast cancer-specific subscales) also reflect the impact of non-cancer health conditions, such as diabetes, on QOL, because even though some items on the FACT-B specifically address breast cancer concerns, most items on the questionnaire ask about Bmy illness^and not Bmy cancer^specifically. Our results showed that having diabetes was associated with having greater comorbidity (Table 1) and a lack of improvement in QOL during the recovery from breast cancer treatment over the 2-year follow-up. Further study is warranted to examine the extent to which diabetes, potential complications of diabetes, and other comorbidities may offset the improvement in cancer-related QOL seen in patients without diabetes.
Strengths of our study include the prospective design with longitudinal assessments, the inclusion of patients from different demographic background, and very high rate (94 %) of completion of four interviews over 2 years. Our study also has some limitations. First, in our analysis, diabetes was self-reported. Self-reported diabetes has a high specificity (99.7 %) and low sensitivity (66.0 %) [36] . Thus, false negative reports of diabetes may have resulted in misclassification of those patients with diabetes, and therefore, underestimated the between-groups differences suggesting that even larger differences are present. Second, we only examined cross-sectional differences at time 1 and time 4 between three groups of patients, grouped by diabetes and diabetes complications, because of the small sample of patients reporting diabetes complications. Third, patients who did not participate were older and more likely to be non-white than those who participated in this study, and most non-white participants were African American. Although the representation of racial/ethnic groups in our sample reflects their representation in the St. Louis area population, the non-response bias and lower representation of participants from other racial/ethnic groups may limit the generalizability of our results.
In conclusion, pre-existing diabetes was associated with a lower QOL among women with early stage breast cancer at each interview. Over the 2-year follow-up, QOL improved in breast cancer patients without diabetes, but did not change in patients with diabetes. At baseline, patients with vs. without diabetes did not differ in terms of surgical side effects. However, after the 2-year follow-up, patients with diabetes reported worse surgical side effects, which have implications for treatment and follow-up care. Given that diabetes is a major health problem, and many women with breast cancer have diabetes, understanding the impact of pre-existing diabetes on breast cancer management is of great importance, with potential clinical implications for patients with early stage and more advanced disease. To improve recovery from breast cancer treatment and aspects of QOL, patients with diabetes, and especially patients with diabetes complications, may need additional care considerations in terms of their diabetes management or to find other ways to foster improvement in their QOL during the early recovery period to close the gap in QOL between breast cancer patients with and without diabetes-a gap that increased over the 2-year follow-up in this patient cohort.
